The GWAS secondary analysis used dbGaP three datasets, Collaborative Study on the Genetics of Alcoholism (COGA, phs000125.v1.p1), Study of Addiction: Genetics and Environment (SAGE, phs000092.v1.p1) and the Australian twin-family study of alcohol use disorder (OZALC, phs000181.v1.p1). COGA had two ethnicities US Caucasians and African American so after data quality control (QC) 60 , the dataset was split into two cohorts, US Caucasians and African Americans. Only the unrelated individuals were extracted from the OZALC sample for the purpose of epistasis analysis. After QC, a total of 6,596 unrelated subjects remained, including approximately 41.0% cases. Imputation was carried out as described before 61 , in order to extend the association power. Data manipulation, allelic association and meta-analysis were all performed by using PLINK 62 and meta-analysis of the three dbGaP GWAS datasets for CNR2 association with Parkinson's disease as previously determined 64, 65 .
results from meta-analysis of three GWAS studies, including COGA, SAGE and the Australian Twins study, together with a total of 6,596 subjects. X axis is coordinate in chr1, Y axis is significance of association in the form of -Log10(P-value). Blue line is nominal significance of P < 0.05. Aquamarine, CNR2 gene structure corresponding to chr1, running in the minus strand of the chromosome. Red arrow, the most significant association via SNP rs3123557. 
Western blotting
Midbrain region containing the PAG and substantia nigra of C57BL 6/J and DAT-Cnr2 (male, 3 month old) were homogenized mechanically in RIPA buffer (Santa Cruz Biotechnology) and centrifuged for 15 min at 12,000 RPM to collect supernatant. The level of tyrosine hydroxylase (TH) was measured by immunoprecipitation. Briefly, samples were mixed with an equal volume of Laemmli buffer, heated at 100 C for 5 min and separated on precast 4-20% SDSpolyacrylamide gels (Bio-Rad, Hercules, CA). The gel was activated for total protein quantitation and transferred to a PVDF membrane using Trans-Blot Turbo system (Bio-Rad, Hercules, CA). The membrane was placed in blocking solution (TBS with 1% Casein) for 1hr and incubated in anti-TH primary antibody (1:2000, Santa Cruz Biotechnology) overnight at room temperature. Membrane was washed in TBS, incubated in anti-rabbit secondary antibody
(1:2000, Bio-Rad) for 1hr and visualized using ECL chemiluminescence solution (Bio-Rad).
Image was acquired using the ChemiDoc XRS+ system and Image Lab software. 
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